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(54) Method and apparatus for receiving CDMA radio communication signals 



(57) A receiving method using a CDMA radio 
receiver with a plurality of receiving fingers each com- 
posed of a code generator, a correlator and a detector. 
In a visited cell search while in the ON-state of the 
power supply, different long-period spreading codes are 
set in the code generators, and if none of correlated out- 
puts from the correlators respectively corresponding to 
the code generators exceed a threshold value, then new 
different long-period spreading oodes are set in the 

FIG.2 



code generators. If any one of the correlator outputs 
exceeds the threshold value, the mobile station is 
decided as staying in the cell corresponding to the long- 
period spreading code set in that correlator, and this 
long-period spreading code and time points at which 
peaks of correlator outputs were obtained with the long- 
period spreading code are set in the receiving fingers in 
descendng order of the magnitude of correlation peaks. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a receiving method 
and apparatus which performs a visited cell search and 
a neighbor cell search in radio communications using a 
CDMA radio access system. 

With a conventional receiving apparatus in the 
CDMA radio communication system, a mobile station 
uses what is called a dedicated searcher whereby, at 
turn-on or during the standby state, a decision is made 
about the cell where the mobile station ought to stay or 
a search is conducted for surrounding cells or a multi- 
path that the mobile station receives. 

In Fig. 1A there is shown in block form an example 
of the configuration of the receiver of the mobile station 
for the conventional CDMA radio communication. A sig- 
nal received by an antenna 11 is demodulated by a 
radio part 12 into a base band signal, which is con- 
verted by an A-D converter 13 to a digital signal. Code 
generators 14-, to 14 4 are each given spreading code 
information and frame timing detected by a multi-path 
searcher 15, and hence they generate codes synchro- 
nized with spreading codes used at the sending side. In 
correlators 16 1 to 16 4 the base band signal from the A- 
D converter 13 is despread through multiplication by the 
spreading codes from the code generators 14 1 to 14 4> 
by which the original signal can be detected. Thereafter, 
these despread signals are detected by detectors 1 7 1 to 
17 4 and the detected outputs are combined by a RAKE 
combiner 18, whose combined output is fed to a signal 
processing part 19. Since signals from different trans- 
mission or propagation paths (a multi-path), contained 
in the received signal, can be separated by the 
despread processing in the correlators to 14 4 , this 
processing is a RAKE reception that has a diversity 
effect. 

The mobile station receiver of the prior art configu- 
ration is provided with receiving fingers Fn 8 each com- 
posed of the code generator 14 jt the correlator 16; and 
the detector 17| for despreading and detecting the 
received signal and the multi-path searcher 1 5 provided 
independently of the receiving finger Fnj to search for 
the multi-path in the receiving channel. A brief explana- 
tion wfll be given of the start-up operation of the mobile 
station at its turn-on, that is, an operation from a deci- 
sion about its visited cell to the start of signal reception. 
When power is turned on, the mobile station takes in the 
base band signal from the A-D converter 13 by the 
multi-path searcher 15 and searches for the cell where 
the mobile station ought to stay. The multi-path searcher 
1 5 has such a configuration as shown in Fig. 1 B. A code 
number designator 23 reads out of a memory 24 a can- 
didate for the spreading code of the base station and 
indicates to a code generator 25 a spreading code to be 
generated. The code generator 25 generates the desig- 
nated spreading code, which is fed to a multiplier 26 for 



multiplication by the input signal from the A-D converter 
13. A correlation value calculator 27 uses the multiplied 
output to calculate the value of correlation between the 
input signal and the spreading code generated by the 

5 code generator 25. A check is made to see if the thus 
computed correlation value is larger than a predeter- 
mined threshold value, thereby specifying the spreading 
code of the input signal and deciding the cell where the 
mobile station is staying. The spreading codes that are 

w used to discriminate the cell usually have very long rep- 
etition periods. Hence, much time is spent in making a 
decision about the spreading code of the visited cell by 
examining the correlation between every long-period 
spreading code (also referred to simply as a long code) 

is and the input signal. 

In the conventional receiver configuration, the 
receiving fingers F^ to Fr^ are not equipped with a 
function of searching for the timing at which the correla- 
tion reaches its peak, and since the searcher 15 is pro- 

20 vided separately of them to perform the cell search and 
the multi-path search, no fast searches can be 
expected. Additionally, a plurality of searchers must be 
prepared to implement fast searches. 

In the CDMA radio communication system commu- 

25 nications are performed using the same earner fre- 
quency and the cell identification needs to be made 
after establishment of synchronization between the 
spreading code and the received signal. In a system 
that makes the cell identification on the basis of the kind 

30 or phase of the long-period spreading code (IS-95, for 
instance), the cell search requires a very large number 
of candidates for the long-period spreading codes. 
Besides, the repetition period of each long-period 
spreading code is so long that much time is needed to 

35 make a decision about the spreading coda 

SUMMARY OF THE INVENTION 

H is therefore an object of the present invention to 

40 provide a receiving scheme which permits a fast cell 
search using long codes without a substantial increase 
in the circuit scale. 

To attain the above objective, no dedicated 
searcher is provided but a plurality of receiving fingers 

45 of the same configuration are each adapted to function 
as a searcher or RAKE receiving finger according to the 
circumstances. 

According to the present invention, the method for 
reception by CDMA radio communication receiving 

so equipment which has a plurality of receiving fingers for 
extracting received data resulting from despreading the 
received signal by a plurality of spreading codes from 
code generating means, is characterized by a step of 
using at least one of the plurality of receiving fingers to 

55 make a cell search. 

In the above method, all the receiving fingers may 
simultaneously conduct the cell search with different 
spreading codes set therein at the start-up of the 
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receiver. 

In the above method, while in a standby mode of 
the receiver, the receiving fingers may each perform the 
cell search and the control channel reception alter- 
nately. 5 

In the above method, while in standby mode and 
communication mode of the receiver, at least one of the 
receiving fingers may be used for a communication 
channel reception and the remaining receiving fingers 
for the cell search. w 

In the above method, while in the standby mode, 
the number of receiving fingers used for the control 
channel reception and the number of receiving fingers 
tor the cell search may be changed complementarily 
according to the control channel receiving level. 15 

In the above method, while in the standby mode, it 
is possible to detect a multi-path in the control channel 
and change the control channel receiving timing with 
variations in the detected multi-path. 

In the above method, it is possible to employ a 20 
scheme in which the spreading code in the control 
channel and new timing at which the multi-path receiv- 
ing level is higher than a threshold value are set in one 
receiving finger not used for the control channel recep- 
tion, then this receiving finger is caused to begin the 25 
control channel reception and the control channel 
receiving finger of the lowest receiving level is stopped 
from receiving the control channel. 

In the above method, the numbers of receiving fin- 
gers used for the communication channel reception and 30 
for the cell search may be changed complementarily 
with the maximum communication channel receiving 
level while in the communication mode. 

In the above method, while in the communication 
mode, it is possible to detect a multi-path in the commu- 35 
nication channel and change the communication chan- 
nel receiving timing with variations in the detected multi- 
path. 

In the above method, it is possible to employ a 
scheme in which the spreading code in the communica- 40 
tion channel and new timing at which the multi-path 
receiving level is higher than a threshold value are set in 
one receiving finger not used for the communication 
channel reception, then this receiving finger is caused 
to begin the communication channel reception and the 45 
communication channel the receiving finger of the low- 
est receiving level is stopped from the reception of the 
communication channel. 

The CDMA radio receiver according to the present 
invention, which has a plurality of receiving fingers each so 
provided for extracting received data obtained by 
despreading the received signal with a plurality of 
spreading codes from code generating means, is pro- 
vided with cell search control means which sets differ- 
ent spreading codes in one or more of the receiving 55 
fingers and performs a cell search using a correlation 
value input therefrom. 



BRIEF DESC RIPTION OF THF DRAWINGS 

Fig. 1 A is a block diagram illustrating the functional 
configuration of receiving equipment of a mobile 
station in a conventional CDMA radio communica- 
tion system; 

Fig. 1B is a block diagram showing the functional 
configuration of a multi-path searcher 15 in Fig. 1 A; 
Fig. 2 is a block cfiagram illustrating the functional 
configuration of an embodiment of the present 
invention; 

Fig. 3 is showing an example of a table of corre- 
spondence between spreadfing codes and base 
stations held in a memory 24 of the mobile station; 
Fig. 4 is a timing chart showing an example of the 
receiving operation embodying the present inven- 
tion; 

Fig. 5 is a timing chart showing another example of 
the receiving operation embodying the present 
invention; 

Fig. 6 is a flowchart illustrating a control channel 
searching operation after power-on which embod- 
ies the cell search method according to the present 
invention; 

Fig. 7 is a flowchart showing an operation which 
embodies the cell search method according to the 
present invention in a standby mode; 
Fig. 8 is a graph showing, by way of example, the 
levels of multi-path signals detected by a control 
channel reception of a visited cell and the timings of 
their detection; 

Fig. 9 is a graph showing, by way of example, vari- 
ations in the detected levels of the multi-path; and 
Fig. 10 is a flowchart showing a corrtmunication 
mode that embodies the cell search method 
according to the present invention. 

DESCRIPTIO N OF THE PREFERRED EMBQDIMFNT 

In Fig. 2 there is illustrated in blockform an example 
of the configuration of a mobile station receiver that 
embodies the present invention, the parts correspond- 
ing to those in Fig. 1 A being identified by the same ref- 
erence numerals. This embodiment differs from the Fig. 
1 A prior art example in that the multi-path searcher 15 
is not used and that a memory 24 with spreading code 
numbers stored therein and a cell search control section 
31 are provided. In the memory 24 there are prestored 
at its addresses respective base station numbers and 
code numbers of long-period spreading codes corre- 
sponding thereto as shown in Fig. 3. 

In the CDMA mobile communication system, each 
cell usually has its communication channel, control 
channel and pilot channel formed by combinations of 
one long-period spread code (long code) and a plurality 
(three, for example) of short-period spreading codes 
(also referred to simply as short codes). The cells use 
different long-period spreading codes but may share the 



3 



5 



EP0 821 495 A2 



6 



same triad of short-period spreading codes. The term 
"spreading code" shall hereinafter refer to the long- 
period spreading code or its pair with each short-period 
spreading code. The base station of each cell always 
sends over the pilot channel a pilot signal that contains 
information identifying the base station, information 
identifying base stations of the neighbor cells and main- 
tenance information. The mobile station measures 
receiving levels (or SN ratios) in pilot channels of a plu- 
rality of cells, by which H is possible to detect the base 
station closest to the mobile station, that is, its visited 
cell. Further, the surrounding cell information (informa- 
tion on the long-period spreading codes used in the sur- 
rounding cells) can be obtained by receiving the pilot 
channel from the base station of the visited cell. The 
control channel is used to send and receive call and 
other communication control signals. 

The base station sends the communication signal 
after multiplying (exclusive-ORing) it by the spreading 
code and the mobile station multiplies (exclusive-ORs) 
the spread communication signal by a despreading 
code to obtain the communication signal. The 
despreading code that the mobile station uses in this 
instance is exactly the same as the spreading code 
used by the base station. Consequently, when the 
afore-mentioned pair of long- and short-period spread- 
ing codes is used as the spreading code, the despread- 
ing code that the mobile station uses must be the same 
pair of long-and short-period codes. The present inven- 
tion concerns the reception of the CDMA signal in the 
mobile station and despreads the received signal by the 
despreading code, but since the despreading code is 
exactly the same as the spreading code used at the 
sending side, the despreading code will hereinafter be 
referred to simply as a spreading code. 

Since it is unknown when the base station calls up 
the mobile station, the latter needs to monitor the con- 
trol channel at alt times, but with a view to saving the 
power consumption of the mobile station, it is general 
practice in the art to periodically perform the control 
channel reception to see if there is an incoming call to 
the mobile station. This state is called a standby state. 
In some mobile communication systems the pilot chan- 
nel is used also as a control channel, in which case the 
receiving level of the control channel is measured to 
determine the visited eel! or obtain information about 
the neighbor cells. In the following description of the 
invention, the measurement of the control channel 
receiving level and received information of the control 
channel shall mean either measurement of the receiv- 
ing level and received information of the pilot channel or 
measurement of the receiving level and received infor- 
mation of the control channel according to the mobile 
communication system used. 

The mobile station receiver of this embodiment is 
common to the prior art example of Fig. 1 in the signal 
flow that the radio signal received by the antenna 1 1 is 
converted to a base band signal, then despread and 



combined by the RAKE combiner, thereafter being fed 
to the signal processing part 19. As compared with the 
traditional configuration, this embodiment does not 
employ the independent multi-path searcher 15 but per- 

5 forms the cell search by a cell search controller 31 
through the use of the receiving fingers Fn 1 to Fn 4 . The 
mode of operation of the mobile station consists of (a) a 
visited cell control channel search mode (hereinafter 
referred to as a start-up mode) that immediately follows 

70 the turn-on of the mobile station, (b) an incoming call 
standby mode (i.e. standby mode) after capturing the 
control channel of the visited cell and (c) a communica- 
tion mode as shown in Figs. 4 and 5 which are timing 
charts illustrating two examples of the receiving opera - 

is tion according to the present invention. 

In either of the examples depicted in Figs. 4 and 5, 
all the receiving fingers Fn 1 to Fn 4 are used to conduct 
the cell search in the start-up mode. In the communica- 
tion mode one or more receiving fingers are used for the 

20 cell search and the remaining receiving fingers for the 
communication channel reception. The examples of 
operation shown in Figs. 4 and 5 differ from each other 
in the operation in the standby mode. In the Fig. 4 exam- 
ple, all the receiving fingers alternate between the cell 

25 search (measurements of the maximum receiving level 
and its timing) and the control channel reception, 
whereas in the Fig. 5 example one or more receiving fin- 
gers conduct the cell search and the remaining receiv- 
ing fingers conduct the control channel reception. In any 

30 of these three modes of operation, the mobile station 
always makes a check to determine which ceO it is cur- 
rently staying, i.e. the base station that is the closest to 
the mobile station. A description will be given of each 
mode of operation by the receiving method according to 

35 the present invention. 

(a) Start-Up Mode 

Upon turn-on, the mobile station makes a decision 

40 about its visited zone, following the procedure shown in 
Fig. 6. The cell search controller 31 reads out of the 
memory 24 spreading code candidates of the same 
number as the receiving fingers, that is, four candidates 
C<\ to C 4 in the examples of Figs. 4 and 5. and sets them 

45 in the code generators 14 1 to 14 4 independently of one 
another (step S1). The code generators 14-, to 14 4 gen- 
erate the specified spreading codes (step S2). The cor- 
relators 16 1 to 16 4 each calculate the value of 
correlation between a different one of the thus gener- 

50 ated spreading codes and the input signal (step S3). 
The cell search controller 31 stores the maximum corre- 
lation value computed by each correlator (correspond- 
ing to the receiving level) and the timing at which it was 
obtained (step S4). The cell search controller 31 com- 

55 pares the computed correlation values and a predeter- 
mined threshold value V T1 (step S5), and when the 
receiving levels of any of the spreading code candidates 
do not exceed the threshold value V T1 , the cell search 
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controller 31 reads out four new spreading code candi- 
dates C 5 to C 8 from the memory 24 and sets them in the 
code generators 14, to 14 4 in step S6, then goes back 
to step S2 and repeats the processing of step S2 to S6 
until a spreading code whose receiving level exceeds 5 
the threshold value V T1 is found out in step S5. The 
examples of Figs. 4 and 5 both show the case of having 
detected that the receiving level of a spreading code 
candidate Cq among the four spreading code candi- 
dates C5 to Cq of four cells selected second is in excess 10 
of the threshold value V T1 

When one or mode spreading codes of receiving 
levels exceeding the threshold value V T1 are detected in 
step S5, the spreading code that provides the maximum 
correlation value is decided as the spreading code of is 
the visited cell where the mobile station is currently 
staying (step S7). In the example of Fig. 4, peaks of the 
correlation values obtained with the spreading code C 5 
are decided as multi-path detected signals and the 
spreading code C 6 and the time points of the peak val- 20 
ues are set in the code generators 14 1 to 14 4 of all the 
receiving fingers in descending order of the peak values 
(step S8). As a result of this, the four receiving fingers 
Fn, to Fn 4 begin RAKE reception in the control channel 
of the cell decided as the visited cell (step S9), putting 25 
the mobile station in the standby state. In the example of 
Fig. 5, however, since at least one receiving finger Fn 4 
is used for cell search, the spreading code C 6 of the vis- 
ited cell is set in the code generators of the remaining 
(three, for instance) receiving fingers Fn,, Fn 2 and Fn 3 so 
in step S8. Furthermore, the time points of a plurality of 
peaks of correlation values obtained with the spreading 
code C 6 are judged as the multi-path signal receiving 
time points and these time points are set in three corre- 
lators corresponding to the code generators with the 35 
spreading code C 6 set therein, as the timing (the receiv- 
ing timing) for multiplying the spreading codes and the 
received signal, in descending order of the magnitude of 
the correlation values (step S8). As a result of this, the 
three receiving fingers Fn,, Fn 2 and Fn3 begin the 40 
reception of the control channel of the cell decided as 
the visited ceD and the remaining receiving finger Fr^ 
continues the cell search operation (step S9), placing 
the mobile station in the standby state. 

45 

(b) Standby Mode 

Next, a description will be given, with reference to 
Fig. 7, of the cell search operation of the mobile station 
receiver of this embodiment in the standby mode. Hav- so 
ing entered the incoming call waiting state following the 
capturing of the control channel of the visited cell base 
station (the detection of the visited cell spreading code) 
after turn-on, the mobile station periodically receives 
the control channel from the base station of the visited 55 
ceD (the reception of the control signal) and periodically 
measures the receiving levels of the control channels of 
the visited and surrounding cells (cell search) as 



described below. That is, the mobile station receives the 
control channel of the visited cell by one or more receiv- 
ing fingers (four receiving fingers Fn, to Fn 4 in the Fig. 
4 example and three receiving fingers F^ , Fn 2 and Fri3 
in the Fig. 5 example) to watch for an incoming call des- 
tined to the mobile station as well as to get information 
about base stations of the surrounding cells (informa- 
tion about spreading codes in the control channels of 
the surrounding cells) (step S1). When an incoming call 
is detected, the mobile station goes into the communi- 
cation mode described later one. In the Fig. 4 example, 
if no incoming call is delected, spreading codes of the 
same number as that of the receiving fingers (four in this 
example) are selected at one time from the spreading 
codes in the control channels of the visited and sur- 
rounding cells and set in the code generators 14-, to 14 4 
of all the receiving fingers Fn-, to Fn 4 in step S2 so as to 
minimize the time that is needed for cell search. Next, in 
step S3 the peaks of the correlator outputs correspond- 
ing to each spreading codes set in the code generators 
as mentioned above and their timing are measured. 
That is, the correlators 1 6^ to 1 6 4 compute the values of 
correlation between the spreading codes fed from the 
respective code generators and the received signal. 
This makes it possible to measure the receiving levels 
of four surrounding cells at the same time in the Fig. 4 
example, hence permitting the implementation of a fast 
cell search. In the example of Fig. 5, three spreading 
codes selected from control channel spreading codes of 
the visited cell and surrounding cells are set in the three 
receiving fingers Fn, , Fn 2 and Fn 3 in step S2. 

Next, in step S4 the cell search controller 31 moni- 
tors the receiving levels from the neighbor cells on the 
basis of the correlation values calculated by the correla- 
tors, making a check to see if there is a neighbor cell of 
a receiving level higher than that of the visited cell. If 
not, the preset spreading code C 6 corresponding to the 
control channel of the visited cell and its timing are set 
in each of the code generators 1 4 1 to 14 4 (three of them 
in the Fig. 5 example) in step S5, and in step S6 a timer 
works to stop the cell search controller 31 from opera- 
tion for a predetermined period of time, followed by a 
return to step S1 . When a neighbor cell of a receiving 
level higher than that of the visited cell is found in step 
S4, that cell is decided as a new cell to which the mobile 
station is to move and in step S7 the spreading code 
corresponding to the control channel of the new cell and 
its timing are set in all the receiving fingers (three 
receiving fingers in the Fig. 5 example), and the opera- 
tion goes to step S6. During quiescent operation in step 
S6, the power supply of the receiver is held OFF. By 
repeating steps S1 through S6, the receiving levels of 
the visited cell and neighbor cells are intermittently 
measured in the standby mode-this saves the power 
dissipation of the mobile station. 

As descrfoed above, while in the standby state, one 
or more receiving fingers are used to periodically 
receive the control channel of the visited cell and the 
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remaining receiving fingers are used to periodically 
measure the receiving levels of the visited and neighbor 
cells. Fig. 8 shows an example of the receiving level of 
the visited cell measured at the timing of the detection of 
respective propagation paths. In this example, for the 
application to the Rg. 5 example, three detecting time 
points t v t 2 and t 3 when the receiving level exceeds the 
threshold value V-^ are set, for example, in the code 
generators 1 6! , 1 62 and 1 63 of the receiving fingers 
Fn 1( Fn 2 and Fr^, and these receiving fingers use the 
same despreading code C 6 and periodically receive the 
control channel at the above-set timing. Upon receiving 
an incoming call in the control channel in step S1 in Fig. 
7, the spreading code C$ corresponding to the commu- 
nication channel is set in the receiving fingers Fn^ Fn 2 
and Fn 3 . placing the mobile station in the communica- 
tion mode. In this instance, since signals in both of the 
communication and control channels are sent from the 
same base station (the same place), multi-paths in the 
both channels can be regarded as the same. Hence, the 
timing for the control channel reception can be used 
intact for the multi-path reception as well. 

In general, since the signal quality in the control 
channel may be lower than the signal quality in the com- 
munication channel, the number of receiving fingers 
that are used for the control channel reception in the 
standby mode may be smaller than the number of 
receiving fingers for the reception in the communication 
mode described later on. Furthermore, the number of 
receiving fingers that are used for the control channel 
reception may also be changed freely with the control 
channel receiving level as descrtoed below. When the 
maximum receiving level of the control channel is above 
a predetermined threshold value V-^, only one receiv- 
ing finger, for instance, is used to receive the control 
channel at the timing of the maximum receiving level 
and the remaining receiving fingers are all used for the 
cell search. When the maximum receiving level is in the 
range between the threshold values V-^ and V-^, two 
receiving fingers are used to perform RAKE reception at 
the timing of two receiving level peaks in descending 
order of level. When the maximum receiving level is 
below the threshold value V-^, three receiving fingers 
are used for control channel RAKE reception at the tim- 
ing of three peaks in decreasing order of level. 

In the case where the state of control channel mufti- 
path reception by the three receiving fingers Fn 1f Fn 2 
and Frv;, shown in Fig. 8, changes with a multi-path var- 
iation to such a state as shown in Rg. 9 in which the 
peak at timing t 1 is below the threshold value V T2 and 
the peak at timing t 3 is above the threshold value V^, 
the control channel reception by the receiving finger Fn 1 
at timing is stopped and the receiving finger Fn^ is 
assigned to the cell search (the receiving level meas- 
urement) and the control channel reception at timing t 3 
is set in the receiving finger Fn 4 . The fingers Fr^ and 
Frvj continue the reception at time points t 2 and t 3 . Thus, 
even if the multi-path receiving state changes, an opti- 



mum multi-path can be chosen for reception. When the 
receiving level of the control channel is high (and conse- 
quently the receiving level of the communication chan- 
nel is high), the number of receiving fingers for the 

5 reception of the control channel of the visited cell (or th e 
number of receiving fingers for the communication 
channel reception) can be decreased, and by addition- 
ally assigning the receiving fingers taken out of the con- 
trol channel receiving operation to the cell search, the 

w cell search rate can be increased, permitting reduction 
of each power-on time in the intermittent control chan- 
nel reception. 

(c) Communication Mode 

15 

Turning next to Rg. 10, an operation of this embod- 
iment during communication, in particular, the outline of 
a cell transition during communication will be descrtoed. 
During communication some of the receiving fingers 

20 Fn 1 to Fn 4 , selected as described above, are used to 
despread the received signal and the remaining receiv- 
ing fingers are used for the cell search. Let it be 
assumed, for the sake of brevity, that only one receiving 
finger is used for the ceil search as in the examples of 

25 Figs. 4 and 5. 

In the first place, the cell search controller 3 1 sets in 
the receiving fingers Fn-,, Fn 2 and except that for 
the ceil search the same spreading code to be gener- 
ated and the timing for multiplying it by the received sig- 

30 nal, in descending order of magnitude of correlation (the 
receiving level) (step S1). During communication 
spreading codes of the visited and neighbor ceils, 
based on neighbor cell information reported from the 
base station, are sequentially set in the receiving finger 

35 Fn4 used for the cell search (step S2) and the maximum 
receiving level received with the set spreading code set 
in each receiving finger and the timing of the maximum 
receiving level are measured and stored in the cell 
search controller 31 (step S3). 

40 In step S4 a check is made for a neighbor cell of a 
receiving level above that of the visited cell stored in the 
cell search controller 31. if such a neighbor cell is not 
found, the cell search controller 31 pauses for a prede- 
termined period of time in step S5 and then returns to 

45 step S2 to perform the cell search again. When it is 
decided in step S4 that one of the neighbor cells has a 
receiving level higher than that of the visited cell, the 
mobile station is decided to be moving toward that 
neighbor cell or in the course of transition thereto, and in 

so step S6 it is decided that the neighbor cell of the receiv- 
ing level higher than those of any other surrounding 
cells is a new cell toward which the mobile station is 
moving. In step S7the spreading code corresponding to 
the communication channel of the new cell and the tim- 

55 ing for its multiplication by the received signal are set in 
the receiving level Frv currently not used for the com- 
munication channel reception, causing H to start receiv- 
ing the communication channel. Next, in step S8 that 
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one of the receiving fingers used for the reception of the 
communication channel of the visited cell which is the 
lowest in the receiving level is stopped from the commu- 
nication channel reception. In step S9 a check is made 
to see if all the receiving fingers engaged in receiving 5 
the communication channel of the visited cell have been 
switched to the reception of the communication channel 
of the new cell, and if not, the procedure goes back to 
step S7 to repeat the processing in steps S7 and S8. 
When it is decided in step S9 that the communication 10 
channel receiving fingers have all been switched to the 
reception of the communication channel of the new cell, 
the finger not used for the communication channel 
reception is newly set as a receiving finger for the cell 
search in step S10 and the procedure returns to step 15 
S2. 

Also in the above communication mode, the num- 
bers of receiving fingers that are used for the cell search 
and lor the communication channel reception can be 
changed complementarity in accordance with the 20 
receiving level as in the case of the standby mode 
described previously with reference to Figs. 8 and 9. 
This enhances the cell search efficiency. Besides, as 
the peak of the communication channel receiving level 
varies due to multi-path variations, the timing for receiv- 25 
ing the communication channel may be changed follow- 
ing the same procedure as that described previously in 
respect of Figs. 8 and 9. 

In the above, matched filters or sliding correlators 
can be used as the correlators 1 6 1 to 1 64. Incidentally, a so 
base station receiver may also be adapted to change 
the number of RAKE receiving fingers according to the 
type of mobile station. 

EFFECT OF THE INVENTION 35 

As described above, according to the present 
invention, the receiving fingers that normally despread 
the received signal are configured so that they can flex- 
ibly be used both for the visited cell search and the ao 
neighbor cell search. This reduces the time of turn-on of 
the mobile station to the time of starting its operation 
and hence improves various services, while at the same 
time the reduction of the time for cell search permits 
implementation of a longer waiting time. 45 

It win be apparent that many modifications and var- 
iations may be effected without departing from the 
scope of the novel concepts of the present invention. 

Claims 50 

1 . A method for reception by CDMA radio communica- 
tion receiving equipment which has a plurality of 
receiving lingers for extracting received data pro- 
duced by despreacOng the received signal by a plu- 55 
rality of spreading codes from code generating 
means, CHARACTERIZED BY: 



a step of using at least one of said plurality of 
receiving fingers to conduct a cell search. 

2. The method of daim 1 , which includes a step of set- 
ting different spreading codes in all of said receiving 
fingers and causing them to simultaneously con- 
duct said cell search at start-up of said receiver. 

3. The method of claim 2, which includes a step of 
causing said plurality of receiving fingers to perform 
said cell search and a control channel reception 
alternately in standby mode. 

4. The method of daim 1 or 2, which includes a step of 
using at least one of said plurality of receiving fin- 
gers for a communication channel reception and 
the remaining receiving fingers for said cell search 
in a standby mode and a communication mode. 

5. The method of claim 1 or 2, which indudes a step of 
changing the numbers of receiving fingers used for 
a control channel reception and for said cell search 
complementarily according to the control channel 
receiving level in a standby mode. 

6. The method of claim 1 or 2. which indudes a step of 
detecting a multi-path in a control channel in a 
standby mode and changing the timing tor the 
reception of said control channel with variations in 
said detected multi-path. 

7. The method of claim 6, which includes a step of set- 
ting in one receiving finger not used for said control 
channel reception a spreating code corresponding 
to said control channel and new timing at which the 
multi-path receiving level is higher than a threshold 
value, then causing said one receiving finger to 
begin said control channel reception, and stopping 
said control channel reception by that one of said 
plurality of receiving fingers whose receiving level is 
lower than that of any other receiving fingers. 

8. The method of claim 1 or 2, which indudes a step of 
changing the numbers of receiving fingers used for 
a communication channel reception and for said 
cell search complementarily according to the mag- 
nitude of the maximum receiving level of the com- 
munication channel while in the communication 
mode. 

9. The method of daim 1 or 2, which includes a step of 
detecting a mufti-path in a control channel in a com- 
munication mode and changing the timing for the 
reception of said control channel with variations in 
said delected multi-path. 

1 0. The method of claim 9, which indudes a step of set- 
ting in one receiving finger not used tor said com- 
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munication channel reception a spreading code 
corresponding to said communication channel and 
new timing at which the mutti-path receiving level is 
higher than a threshold value, then causing said 
one receiving finger to begin said communication 5 
channel reception, and stopping said communica- 
tion channel reception by that one of said plurality 
of receiving fingers whose receiving level is lower 
than that of any other receiving fingers. 

70 

11. A CDMA radio receiver which has a plurality of 
receiving fingers each provided for extracting 
received data obtained by despreading a received 
signal with a plurality of spreading codes from code 
generating means, CHARACTERIZED BY: 75 

cell search control means for setting different 
spreading codes in one or more of said receiv- 
ing fingers and for performing a cell search 
using correlation values input therefrom. 20 
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FIG. 6 
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FIG. 7 
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FIG. 10 



(^CO^UNICATION^ 

v^ jjopE y 

T 



SET EACH FINGER EXCEPT FOR 
CELL-SEARCH FING A SPREADING 
CODE & TIMING OF COMM CHANN 
TO START COMMUNICATION 



S1 



SET CELL-SEARCH FING SPREADING 
CODES OF CONTROL CHANN OF 
VISITED CELL & NEIGHBOR CELLS 



S5 



PAUSE 



T 



S2 



MEASURE MAX RECEIVING LEVEL 
& ITS TIMING OF EACH OF VISITED 
CELL & NEIGHBOR CELLS 



noN! 



T 



S3 



ANY CELL HIGHER IN RECEIVING 
LEVEL THANVISITED CELL? 



YES 



5 



S4 



DECIDE ONE OF CELLS IN S6 
MEMORY WITH MAX RECEIVING j 
LEVEL AS A NEW VISITING CELL 



I 



SET A SPREADING CODE & A TIMING 
OF COMM CHANN OF THE NEW VISITING 
CELL TO A FING NOT IN COMMUNICATION 



T 



S7 



STOP RECEPTION AT A FING WITH 
LOWEST RECEIVING LEVEL AMONG 
THOSE FINGS NOT IN COMMU NICATION 

I 



S8 



NO^ 



CELLSWITCING FOR ALL 
COMM FING IS COMPLETED? 



YES 



S9 



r 



S10 



ASSIGN FREE FING AS 
CELL SEARCH FING 



16 



